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(54) INDUCTION HARDENED STEEL MATERIAL WTTH HIGH TORSIONAL FATIGUE STRENGTH 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an induction hardened steel material having superior torsional fatigue 
strength required of shaft parts and excellent in manufacturability such as cold workability by specifying a 
composition consisting of C, Si. Mn, S, Al. Ti, B, N, P, Cu, O, and Fe, a ratio between effective hardening depth and 
parts radius, and a hardness in the projected core part, respectively. 

SOLUTION: A composition, containing, by weight, 0.35-0.60% C, 0.01-0.15% Si, 0.2-1.60% Mn. 0.005-0.15% S. 0.010- 
0.06% Al. 0.005-0.050% Ti, 0.0005-0.005% B, and 0.0015-0.008% N, also containing P. Cu. and O limited to <0.020%, < 
0.05%, and <0.0025%, respectively, and having the balance Fe with inevitable impurities and further containing, if 
necessary, prescribed amounts of Cr, Mo, Ni, Nb, and V, is provided. Moreover, the ratio between the effective 
hardening depth (t) of steel material and the radius (r) of parts, t/r, is regulated to 0.3-0.6, and the hardness in the 
projected core part represented by Hp-core=Hcore/(1 -t/r) (where Hcore means the hardness in the core part), is 
regulated to >HV400. \ 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] As a weight ratio, C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%, S:0.005 - 0.15%, aluminum:0.01 0-0.06%, Ti: 
0.005-0.050%B:0.0005-0.005%. N:0.0015 - 0.008% is contained. P:0.020% or less. It restricts to less than [ Cu:0.05% ] 
and 0:0.0025% or less, respectively, the remainder — from iron and an unescapable impurity — becoming — the 
ratio of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r — the quantity 
characterized by for t/r being 0.3-0.6 and projection core part hardness Hp-core defined below being 400 or more 
HV — twisting — fatigue strength induction hardening steel materials. 

The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

[Claim 2] As a weight ratio, C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%, S:0.005 - 0.15%, aluminum:0.01 0-0.06%, Ti: 
0.005-0.050%B:0.0005-0.005%, N:0.0015 - 0.008% is contained. P:0.020% or less, It restricts to less than [ Cu:0.05% ] 
and 0:0.0025% or less, respectively, t/r is 0.4-0.75. the remainder — from iron and an unescapable impurity — 
becoming — the ratio of efFective-case-depth-hardended-by-carburizing-treatment t and the components radius r 

— and the ratio of projection core part hardness Hp-core defined below and hardening layer hardness Hcase — the 
quantity characterized by Hp-core/Hcase being 0.56 or more — twisting — fatigue strength induction hardening 
steel materials. {fifV , % « . } 

The definition of projection core-part" hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components<radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

[Claim 3] As a weight ratio. C:0.35 - 0.60%. Si:0.01-0.15%, Mn: 0.2-1.60%, S:0.005 - 0.15%, aluminumrO.0 10-0.06%, Ti: 
0.005-0.050%B:0.0005-0.005%, N:0.0015 - 0.008% is contained. P:0.020% or less, It restricts to less than [ Cu:0.05% ] 
and 0:0.0025% or less, respectively, t/r is 0.4-0.75. the remainder — from iron and an unescapable impurity — 
becoming — the ratio of efFective-case-depth-hardended-by-carburizing-treatment t and the components radius r 

— and the ratio of projection core part hardness Hp-core defined below and hardening layer hardness Hcase — the 
quantity characterized by for Hp-core/Hcase being 0.56 or more and the average hardness Hav in a cross section 
defined further below being 560 or more HV — twisting — fatigue strength induction hardening steel materials. 
The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore. it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

The definition of the average hardness in a cross section: It is [Equation 1], when the cross section of a radius a 
was divided into the ring of N individual concentric circular radial, Hn and a radius are set to rn and spacing is set to 
deltarn for the hardness of the n~th ring-like part 

^ffilW^SMS Hav= (SHnXrSxAO x3/a 8 

n=l 

[Claim 4] As a weight ratio, C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%. S:0.005 - 0.15%, a!uminum:0.01 0-0.06%, Ti: 
0.005-0.050%B:0.0005-0.005%, Further N:0.0015 to 0.008% Cr0.1 ** -1.2%. One sort (Mo:0.02-0.8% and nickel:0.1-3.5% 
Nb.-0.01-0.3%V:0.03-0.6%) or two sorts or more are contained. It restricts to less than [ Cu:0.05% ] and 0:0.0025% or 
less P:0.020% or less, respectively, the remainder — from iron and an unescapable impurity — becoming — the ratio 
of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r — the quantity 
characterized by for t/r being 0.3-0.6 and projection core part hardness Hp-core defined below being 400 or more 
HV — twisting — fatigue strength induction hardening steel materials. 

The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

[Claim 5] As a weight ratio, C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%, S:0.005 - 0.15%, aluminum:0.01 0-0.06%, Ti: 
0.005-0.050%B:0.0005-0.005%, N:0.0015 - 0.008% is contained. Further Cr:0.1 ** - 1.2%. One sort (Mo:0.02-0.8% and 
nickel:0.1-3.5%Nb:0.01-0.3%V:0.03-0.6%) or two sorts or more are contained. It restricts to less than [ Cu:0.05% ] and 
0:0.0025% or less P:0.020% or less, respectively, t/r is 0.4-0.75. the remainder — from iron and an unescapable 
impurity — becoming — the ratio of effective-case-depth-hardended-by-carburizing-treatment t and a 
components radius — and the ratio of projection core part hardness Hp-core defined below and hardening layer 



http://www4.ipdl.ncipi.go.jp^ 2006/11/22 



THIS PAGE BLAMK «"» 



JP,10-195589,A [CLAIMS] 



2/2 ^— V 



hardness Hcase — the high swing fatigue strength induction hardening steel materials characterized by Hp- 
core/Hcase being 0.56 or more. 

The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1-t/r) 

[Claim 6] As a weight ratio. C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%, S:0.005 - 0.15%, aluminum:0.01 0-0.06%. Ti: 
0.005-0.050%B:0.0005-0.005%, N:0.0015 - 0.008% is contained. Further Cr:0.1 ** - l.2%. One sort (Mo:0.02-0.8% and 
nickel:0.1-3.5%Nb:0.01-0.3%V:0.03-0.6%) or two sorts or more are contained. It restricts to less than [ Cu:0.05% ] and 
0:0.0025% or less P:0.020% or less, respectively, t/r is 0.4-0.75. the remainder — from iron and an unescapable 
impurity — becoming — the ratio of effective-case-depth-hardended-by-carburizing-treatment t and a 
components radius — and the ratio of projection core part hardness Hp-core defined below and hardening layer 
hardness Hcase — the quantity characterized by for Hp-core/Hcase being 0.56 or more and the average hardness 
Hav in a cross section defined further below being 560 or more HV — twisting — fatigue strength induction 
hardening steel materials. 

The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

The definition of the average hardness in a cross section: It is [Equation 1], when the cross section of a radius a 
was divided into the ring of N individual concentric circular radial, Hn and a radius are set to rn and spacing is set to 
**rn for the hardness of the n-th ring-like part 

NfrffirW^®* Hav= (IHnXr^xArn) x3/a 8 

n-1 

[Claim 7] the quantity according to claim 1 to 3 whose old austenite grain size of an induction hardening layer is 
more than No. 9 — twisting — fatigue strength induction hardening steel materials. 

[Claim 8] either of claims 4-6 whose old austenite grain sizes of an induction hardening layer are more than No. 9 — 
the quantity of a publication — twisting — fatigue strength induction hardening. steel materials. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Quantity, it twists, and is concerned with invention of fatigue strength induction hardening 
steel materials, and this invention relates to outstanding invention of induction hardening steel materials which 
twisted, has fatigue strength and was excellent in manufacturability like cold-working nature at the time of the 
manufacture as a shank article which constitutes the power transfer system of automobiles, such as a shaft which 
has in more detail the spline section shown in (A) - (C) of drawing 1 , a shaft with a flange, and a shaft with an outer 
case. 
[0002] 

[Description of the Prior Art] Although the shank article which constitutes the power transfer system of an 
automobile usually carries out fabrication of the medium carbon steel to predetermined components, gives induction 
hardening-annealing and is manufactured, it is twisted with the high increase in power of an automobile engine in 
recent years, and atmospheric control correspondence, and its orientation of the improvement in fatigue strength is 
strong. On the other hand, in order to plan manufacture cost reduction on the occasion of autoparts manufacture, 
orientation of improvement in manufacturability, such as cold-working nature, is also strong. 

[0003] On the other hand, the steel which becomes a JP.63-62571.B official report from C:0.30 - 0.38%, Mn:0.6-1.5%, 
B:0.0005 - 0.0030%, ^i:0.01 -0.04%, and aluminum:0.01-0.04% is fabricated to a drive shaft and the manufacture 
approach of the drive shaft which makes the ratio of the induction hardening depth and a steel member radius 0.4 or 
more with induction hardening is shown, static in this invention material — although it twists and reference is made 
about reinforcement it twists and reference is not made at all about fatigue strength. 

[0004] they are the static **** reinforcement which is the ingredient drag force to static loads, and the ingredient 
drag force to repeated loads — it twists, and rule factors differ and fatigue strength is another property. Moreover, 
in this invention, it is not considered at all about cold-working nature. Therefore, the present condition is not 
necessarily applied to the components which twist the ingredient with cold-working nature, and need a fatigue 
property. 

[0005] Moreover, the manufacture approach of the machine structural steel worker components characterized by 
the thing which performed cold forging, and for which after induction hardening is carried out and machine structural 
steel worker components are manufactured C:0.35 ** -0.65% at JP,1-38847,B by being made from less than 
[ Ti:0.05% ] and the steel which consists of aluminum:0.01 5-0.050% less than [ Si:0.15% ], less than [ Mn:0.60% ], and 
B:0.0005 to 0.0050% is shown. The additions of the 1st page [ 3-4th ] table of this official report to Ti and N are 
Ti:0.04% and N:0.014% at the maximum. The cold-working nature of this steel is not necessarily enough, moreover, 
clear from the 4th page right column of the 16th line of this official report, and the 3rd table in this invention — as - 
- an ingredient with a diameter of 25mm — the maximum of the hardening layer depth — 3mm — it is — that is, 
the ratio of hardening layer depth t and a radius — t/r is 0.24 at the maximum and is very shallow. Moreover, it 
twists in this official report, there are not reinforcement and description twist and concerning fatigue strength, and 
strong achievement RE ** RU is unknown. That is, nothing is completely indicated about the technique about the 
induction hardening steel materials which twisted and excelled [ invention / this ] in fatigue strength. 
[0006] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention tends to offer the induction 
hardening [ which was excellent as a shank article ] steel materials which twisted and was excellent in 
manufacturability like cold-working nature at the time of the manufacture by having fatigue strength. 
[0007] 

[Means for Solving the Problem] In order to realize the induction hardening steel materials which were excellent in 
cold-working nature at the time of the manufacture, and were excellent as components and which twist and have 
fatigue strength, this invention persons inquired wholeheartedly and acquired the following knowledge. 
[0008] (1) The following approach is effective in order to secure cold-working nature. 

1) Reduce Si and P which are a solid-solution hardening element. 

2) Secure hardenability mainly by B addition. 

[0009] (2) In order to secure cold-working nature, rationalization of the amount of N is still more indispensable. In 
order to pull out the hardening disposition top effectiveness of the above-mentioned B, it is necessary to reduce 
Dissolution N. In addition to the above, abundant addition [ as / whose addition of N which is indicated in the 1st 
page / 3-4th / table of JP,1-38847,B is 0.014% at the maximum ] causes the following evils. 
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1) TiN deposits in the cooling process of steel bar rolling before cold working, or the cooling process of softening, 
and precipitation hardening by this causes the increment in hardness on the contrary in the abundant addition steel 
of N. 

2) Since the abundant deposit of TiN causes a crack at the time of cold working, such as rolling, while degrading 
machinability remarkably, in high N steel, cold-working nature gets worse remarkably. 

[0010] It is thought that it is based on the evil of abundant addition of N to such cold-working nature that whose 
cold-working nature of the technique of JP,1-38847,B is not necessarily enough, the evil of TiN to cold-working 
nature — controlling — in addition — and in order to pull out the hardening disposition top effectiveness of B, it is 
required to control in N:0.0015 - 0.008% of range. 

[0011] (3) Next, induction hardening steel materials twist and fatigue breaking occurs the following process. 

A. A crack occurs on the boundary of a front face or a hardening layer, and a core part. 

B. A crack spreads the first stage a field parallel to shaft orientations, or in respect of being perpendicular. This is 
called mode III destruction below. 

C. A lifting and the last destruction are caused for a brittle fracture with an intercrystalline crack after mode III 
destruction in respect of 45 degrees to shaft orientations. This is called mode I destruction below. 

[0012] (4) The mode III destruction which was twisted and was stated in the column of a fatigue-breaking process 
"B." is the ductile fracture accompanied by a dimple pattern the account of a top, if many sludges like TiN exist, 
this will serve as a nucleus of ductile fracture and mode III destruction will become easy to break out. 
[0013] They are a lifting and a cone about the ductile fracture which uses TiN as a nucleus in the boron steel with 
which the addition of Ti like a publication and N contains Ti:0.04% and N:0.014% at the maximum in a JP.1-38847.B 
official report As for one of the causes by which the technique of a JP.1-38847.B official report has not spread, 
this is considered to be the cause. Therefore, it is required to regulate the amount of N in less than 0.0015 - 0.008% 
of range also from the view of the improvement in mode III disruptive strength. 

[0014] (5) In order to control the brittle fracture mode I accompanied by an intercrystalline crack, crystal stressing 
by the following approach is effective in the shaft orientations stated in the column of the above-mentioned **** 
fatigue-breaking process "C." in the field of 45 degrees. 

1) Addition of B. B:depe'nds grain boundary segregation P on the effectiveness driven out of a grain boundary. 

2) Reduction of P and Cu which are a grain-boundary-segregation element, and the amount of O. 

3) Reduction of the amount of grain boundary deposits of TiN by rationalization of Ti and the amount of N. 

[0015] (6) In order to control the brittle fracture mode I accompanied by the above-mentioned intercrystalline crack, 
it becomes still larger by adding the following technique further in addition to the above, 

1) Crystal stressing by addition of Cr, Mo, nickel, Nb, and V. 

2) Grain refining of the old austenite particle size. 

[0016] (7) If cold-working nature is thought as important and material hardness is made small, since material 
hardness will usually turn into core part hardness, core part hardness becomes low. When core part hardness is low, 
and when the hardening layer depth is shallow, an internal origin comes. It twists, so that core part hardness is so 
high that the hardening layer depth is deep in the case of an internal origin, and fatigue strength improves. 
[0017] Drawing 2 is the mimetic diagram having shown the relation between the ****** hardening layer depth and 
core part hardness in **** fatigue strength. In drawing 2 , although an origin will move from A to B and 
reinforcement will improve if core part hardness is increased from (a) to (b), the effectiveness of this high-intensity- 
izing is equivalent to the case where made the hardening layer depth deep from (a) to (c), and an origin moves from 
A to C. Then, the degree type defined projection core part hardness as a new index which can describe the 
effectiveness of both core part hardness Hcore and hardening layer depth t/r (effective-case-depth-hardended- 
by-carburizing-treatment t, the components radius r) to coincidence. Although 1x105 times of internal origin 
material twist drawing 3 and fatigue strength is arranged by projection core part hardness Hp-core, both have good 
correlation. In order for 1x105 times to twist and to set fatigue strength to 600 or more MPas, projection core part 
hardness Hp-core can attain or more by 400. 

[0018] The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it. is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

(8) In order [ further excellent ] to twist and to realize fatigue strength, it is the point to move a destructive origin 
from the interior to a front face. Although it is thought that Hp-core/Hcase serves as a surface origin from drawing 
2 or more by one, it differs in fact Drawing 4 shows the relation of a destructive origin, Hp-core/Hcase, and the 
number N of repeats. Hp-core/Hcase becomes a surface origin or more by 0.56 in general. 

[0019] (9) the case of a surface origin — a fatigue process — a front face — work softening — carrying out — the 
method of - a basis — the elasticity core part is work hardened. That is, micro plastic deformation is advancing 
inside from the front face in the fatigue process, and, as for the **** fatigue strength of surface origin material, the 
whole hardness distribution in a cross section influences. As an average of the hardness in a cross section, the 
bottom type defined the average hardness Hav in a cross section. 

[0020] Although 1x105 times of surface origin material twist drawing 5 and fatigue strength is arranged with the 
projection core part hardness Hav, both have good correlation. In order for 1x105 times to twist and to set fatigue 
strength to 650 or more MPas, the average hardness Hav in a cross section can attain or more by 560. 
[0021] The definition of the average hardness in a cross section: It is [0022], when the cross section of a radius a 
was divided into the ring of N individual concentric circular radial. Hn and a radius are set to rn and spacing is set to 
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**rn for the hardness of the n-th ring-like part 
[Equation 1] 

MITOSES Hav = (S H n x rS x AO x 3/V 

n=l 

knowledge with this invention new [ more than ] — a basis — ******-do — it is ** and the summary of this 
invention is as follows. 

[0023] Invention of claim 1 of this invention, and claim 4 as a weight ratio (1) C:0.35 - 0.60%, Si: 0.01-0.15%, Mn:0.2- 
1.60%. S:0.005 - 0.15%. aluminum: 0.010-0.06%, Ti:0.005-0.050%B:0.0005-0.005%, N:0.0015 - 0.008% is contained, and 
the need is accepted further. CrO.1 ** -1.2%, V:0.03 - 0.6% of one sort or two sorts or more are contained 0.01 to 
0.3%. Mo:0.02-0.8% and nickel:0.1 - 3.5%Nb: — It restricts to less than [ Cu:0.05% ] and 0:0.0025% or less P:0.020% or 
less, respectively, the remainder — from iron and an unescapable impurity — becoming — the ratio of effective- 
case-depth-hardended-by-carburizing-treatment t and the components radius r — the quantity characterized by 
for t/r being 0.3-0.6 and projection core part hardness Hp-core defined below being 400 or more HV — twisting — 
fatigue strength induction hardening steel materials. 

[0024] The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

Invention of claim 2 of this invention, and claim 5 as a weight ratio (2) C:0.35 - 0.60%, Si: 0.01-0.15%, Mn:0.2-1.60%, 
S:0.005 - 0.15%, aluminum: 0.010-0.06%, Ti:0.OO5-O.05O%B:O.OOO5-0.0O5%, Contain N:0.0015 - 0.008%, and the need is 
accepted further. One sort (Cr0.1 ** - 1.2%. Mo:0.02-0.8%, and nickel:0.1-3.5%Nb:0.01-0.3%V:0.03-0.6%) or two sorts 
or more are contained. It restricts to less than [ Cu:0.05% ] and 0:0.0025% or less P:0.020% or less, respectively, t/r 
is 0.4-0.75. the remainder — from iron and an unescapable impurity — becoming — the ratio of effective-case- 
depth-hardended-by-carburizing-treatment t and a components radius — and the ratio of projection core part 
. hardness Hp-core defined below and hardening layer hardness Hcase — the high swing fatigue strength induction 
hardening steel materials characterized by Hp-core/Hcase being 0.56 or more. 

[0025] The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment^t, the components radius.r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1-t/r) *' ' • ' J ' 

(3) Invention of claim 3 of this invention, and claim 6 As a weight ratio, C:0.35 - 0.60%, Si:0.01-0.15%, Mn: 0.2-1.60%, 
S:0.005 - 0.15%, aluminunr.0.01 0-0.06%, Ti: 0.005-0.050%B:0.0005-0.005%, Contain N:0.0015 - 0.008%, and the need is 
accepted further. One sort (CrtO.1 ** - l.2%, Mo:0.02-0.8%, and nickel:0.1-3.5%Nb:0.01-0.3%V:O.Q3-0.6%) or two sorts 
or more are contained. It restricts to less than [ Cu:0.05% ] and 0:0.0025% or less P:0.020% or less, respectively, t/r 
is 0.4-0.75. the remainder — from iron and an unescapable impurity — becoming — the ratio of effective-case- 
depth-hardended-by-carburizing-treatment t and a components radius — and the ratio of projection core part 
hardness Hp-core defined below and hardening layer hardness Hcase — the quantity characterized by for Hp- 
core/Hcase being 0,56 or more and the average hardness Hav in a cross section defined further below being 560 or 
more HV — twisting — fatigue strength induction hardening steel materials. 

[0026] The definition of projection core-part hardness: When referred to as effective-case-depth-hardended-by- 
carburizing-treatment t the components radius r, and core part hardness Hcore, it is projection core part hardness. 
Hp-core=Hcore/(1 -t/r) 

The definition of the average hardness in a cross section: It is [0027], when the cross section of a radius a was 
divided into the ring of N individual concentric circular radial, Hn and a radius are set to rn and spacing is set to 
**rn for the hardness of the n-th ring-like part 
[Equation 1] 

IWJ Hav = (2 H„ x rS x A rj x 3/a 8 

(4) the quantity according to claim 1 to 3 whose old austenite grain size of an induction hardening layer of invention 
of claim 7 of this invention and claim 8 is mor;e than No. 9 — twisting — fatigue strength induction hardening steel 
materials — and — being according to claim 4 to 6 — twist quantity and they are fatigue strength induction 
hardening steel materials. 

[0028] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained. 
[0029] First, the reason which limited the component content range of this invention like the above is explained. 
[0030] Although C was an element effective in making the hardness of an induction hardening hardening layer 
increase C:0.35 to 0.60%, if less than 0.35% of hardness is insufficient and it exceeds 0.60%, while the hardness 
before induction hardening would become hard too much and cold-working nature would deteriorate, in order that 
the carbide deposit to an austenite grain boundary might become remarkable and might degrade grain boundary 
reinforcement the content was defined to 0.35 - 0.60%. 

[0031] Si: Si adds crystal stressing as a deoxidation element as an aim 0.01-0.15%. However, less than 0.01% of the 
effectiveness is insufficient. In order that the method of - and Si may make material hardness high by solid-solution 
hardening, the addition exceeding 0.15% degrades cold-working nature, such as cutting ability, in the phase before 
induction hardening. The content was made into 0.01 - 0.15% by the above reason. 
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[0032] Mn: Add Mn 0.20 to 1.60% for the purpose of detailed-izing of the improvement in (1) hardenability, and the 
austenite grain at the time of (2) induction-hardening heating by forming MnS in steel, and improvement in (3) 
machinability. However, less than 0.20% of this effectiveness is insufficient. On the other hand, if superfluous 
addition of Mn is carried out, will make the pearlite molar fraction of the material before induction hardening 
increase, material reinforcement will be made to increase, and cold-working nature will be degraded. Especially this 
inclination becomes remarkable by addition of ** 1.60%. The content of Mn was made into 0.20 - 1.60% from the 
above reason. In addition, it is desirable to restrict to the range of Mn:0.20-1.00% desirably in the steel materials 
which thought cold-working nature as important more. 

[0033] Although S forms MnS in steel and it adds S:0.005 to 0.15% for the purpose of detailed-izing of the austenite 
grain at the time of induction hardening heating by this, and improvement in machinability, less than 0.005% of the 
effectiveness is insufficient. On the other hand, if it exceeds 0.15%, the effectiveness will be saturated and will 
cause lifting grain boundary embrittlement for grain boundary segregation rather. The content of S was made into 
0.005 - 0.15% from the above reason. 

[0034] aluminum: Although aluminum was added as a deoxidation element and a grain-refining element 0.010-0.06%, 
less than 0.010% of the effectiveness was insufficient and since the effectiveness is saturated and the mode HI 
disruptive strength in the last components was rather degraded when it exceeded 0.06%, on the other hand, the 
content was made into 0.010 - 0.06%. 

[0035] Ti: Although Ti combines with N in steel and serves as TiN 0.005-0.050%, add for the purpose of reservation 
of BN deposit prevention B by the full fixity of the dissolution N by this, i.e., dissolution. Furthermore, Ti addition 
contributes also to grain refining of a hard facing layer. However, less than 0.005% of the effectiveness was 
insufficient and on the other hand, since degradation of the mode III disruptive strength in the crack and the last 
components at the time of cold working by a lot of TiNTiC(s) was caused when it exceeded 0.05%, the content was 
made into 0.005 - 0.050%. In addition, cold-working nature and in order to twist quantity and to improve a fatigue 
strength property further, it is desirable desirably to limit to the range of Ti:0.005-0.030%. 

[0036] B:0.0005 to 0.005%. grain boundary segregation of the B is carried out to an austenite grain boundary in the 
state of dissolution, and, it adds making hardenability increase as an aim. The operation which makes grain boundary 
reinforcement increase to coincidence by driving out grain boundary impurities, such as P and Cu, of a grain 
boundary also exists, crystal stressing — twisting — reinforcement — it twists and fatigue strength increases. 
However, less than 0.0005% of the effectiveness was insufficient and on the other hand, since the superfluous 
addition exceeding 0.005% caused grain boundary embrittlement rather, it made the content 0.0005 - 0.005%. 
[0037] Although it added for the purpose of detailed-izing of the austenite grain at the time of the high— frequency 
heating by the carbon nitride deposit of AIN etc., since N.0.0015 - 0.008%N caused degradation of the mode in 
disruptive strength in the cold-working crack and the last components by a lot of TiN deposits while it deposited BN 
and caused reduction of Dissolution B when it exceeded the method of - that less than 0.0015% of the effectiveness 
is insufficient, and 0.008%, it made the content 0.0015 - 0.008%. In addition, cold-working nature and in order to twist 
quantity and to carry out - layer improvement of the fatigue strength property more, it is desirable desirably to limit 
to N:0.0015 - 0.005% of range. 

[0038] P:0.020% or less (0% is included), P makes material hardness high by solid-solution hardening, and degrades 
formability in cold forging in the phase before induction hardening. Furthermore, grain boundary segregation reduces 
a lifting and grain boundary reinforcement to an austenite grain boundary, "it twists, the brittle fracture under stress 
is caused, and it is made cheap, therefore reinforcement is reduced. Since a fall on the strength would become 
remarkable if especially P exceeds 0.020%, 0.020% was made into the upper limit In addition, when attaining crystal 
stressing more, 0.01 5% or less is desirable. 

[0039] Cu: It becomes the cause of a lifting and a fall on the strength about grain boundary segregation like [ less 
than / 0.05% / (0% is included) and Cu ] P in an austenite grain boundary. Since a fall on the strength would become 
remarkable if especially Cu exceeds 0.05%, 0.05% was made into the upper limit 

[0040] while O causes lifting grain boundary embrittlement for grain boundary segregation 0:0.0025% or less (0% is 
included) — the inside of steel — hard acid ghost system inclusion — forming — twisting — the brittle fracture 
under stress — a lifting — it is made cheap and becomes the cause of a fall on the strength. Since a fall on the 
strength would become remarkable if especially O exceeds 0.0025%, 0.0025% was made into the upper limit 
[0041] Next, the invention steel of claims 4, 5, 6, and . 8 is ****** by Cr, Mo, nickel, Nb, and V addition about the 
increment in ** grain boundary reinforcement and improvement in ** hardenability. Cr. These elements add as an 
aim the increment in the grain boundary reinforcement by making the grain boundary carbide with which all deposit 
in ** austenite grain boundary make it detailed, and improvement in ** hardenability 0.1 ** -1.2%, Mo:0.02-0.80%. 
nickel:0.1-3.50%, Nb:0.01-0.3%, and V:0.03 to 0.6%. Moreover, the toughness near the grain boundary is improved to 
nickel, and it also has the effectiveness which controls a brittle fracture. Moreover, Nb and V form carbon nitride in . 
steel, and also have the effectiveness of making the austenite grain at the time of high-frequency heating making it 
detailed. Less than [ Cr01% ], less than [ Mo:0.02% ], less than [ nickel:0.1% ], less than [ Nb:0.01% ], and less than 
V:0.03% of such effectiveness are insufficient On the other hand, such effectiveness is saturated with Cr1.2% **, 
Mo:0.80% **, nickel:3.50% **, Nb:0.3% **, and V:0.6% **, and superfluous addition of these elements causes 
degradation of cold-working nature rather. From the above reason, the content was limited to the above-mentioned 
range, respectively. 

[0042] next — from the component of the above [ induction hardening steel materials ] in claims 1 and 4 — 
becoming — the ratio of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r 
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— although projection core part hardness Hp-core which sets t/r to 0.3-0.6, and is defined above sets to 400 or 
more HV, the reason limited to it coming is explained below. 

[0043] Effective-case-depth-hardended-by-carburizing-treatment t said by the invention in this application is JIS. 
G It is the effective case depth hardended by carburizing treatment based on the induction hardening hardening 
layer depth measuring method specified by 0559. Claims 1 and 4 are invention which it twisted in the case of the 
internal origin, and aimed at improvement in reinforcement When effective-case-depth-hardended-by-carburizing- 
treatment t/r exceeds 0.6, an origin turns into a surface origin and **** fatigue strength rule factors differ. On the 
other hand, t/r twists less than by 0.3, and the improvement effectiveness in fatigue strength is small. By the above 
reason, effective-case-depth-hardended-by-carburizing-treatment t/r was limited to the range of 0.3-0.6. Next the 
**** fatigue strength of internal origin material improves in proportion to projection core part hardness Hp-core, as 
shown in the above and drawing 3 . In order to make 1x105 times of time amount reinforcement or more into 600. it 
is required to set projection core part hardness to 400 or more HV, less than [ it ], it twists and fatigue strength 
runs short. From the above reason, projection core part hardness Hp-core set to 400 or more HV. In addition, in 
order to make or more into 650 1x105 times which is higher on-the-strength RE ** RU of time amount 
reinforcement in an internal origin, it is desirable to set projection core part hardness to 440 or more HV. 
[0044] next — from the component of the above [ induction hardening steel materials ] in claims 2 and 5 — 
becoming — the ratio of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r 

— the ratio of projection core part hardness Hp-core which t/r is 0.4-0.75 and is defined above, and hardening 
layer hardness Hcase — although Hp-core/Hcase carries out to 0.56 or more, the reason limited to it coming is 
explained below. 

[0045] It twists and claims 2 and 5 are the steel materials still higher than claims 1 and 4 with an eye on fatigue 
strength RE ** RU. the ratio of efFective-case-depth-hardended-by-carburizing-treatment t and the components 
radius r — t/r was set to 0.4-0.75 for burning by the shank article production process and the danger of crack 
generating increasing, since surface compressive residual stress will decline if effective case depth hardended by 
carburizing treatment twists less than by 0.4 by t/r, and the improvement effectiveness in fatigue strength is small 
and exceeds 0.75, although the **** fatigue strength of induction hardening material improves so that it makes the 
induction hardening depth deep. Next, surface one twists rather than the interior and the fatigue-breaking origin of 
fatigue strength improves so that clearly from drawing 2 . or [ whether a surface origin comes or / that an internal 
origin comes ] — the ratio of projection core part hardness Hp-core and hardening layer hardness Hcase — it is 
dependent on Hp-core/Hcase. As shown in drawing 4 , Hp-core/Hcase becomes a surface origin or more by 0.56. 
the invention in this application — the ratio of projection core part hardness Hp-core and hardening layer hardness 
Hcase — having limited Hp-core/Hcase to 0.56 or more range is based on the above reason. 
[0046] next — from the component of the above [ induction hardening steel materials ] in claims -3 and 6 — 
becoming — the ratio of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r 

— the ratio of projection core part hardness Hp-core which t/r is 0.4-0.75 and is defined above, and hardening 
layer hardness Hcase — although the average hardness Hav in a cross section which Hp-core/Hcase is 0.56 or 
more and is defined further above sets to 560 or more HV, the reason limited to it coming is explained below. 
[0047] Claims 3 and 6 are invention which aimed at improvement in the **** reinforcement in the case of a surface 
origin, and it twists and they are the steel materials still higher than claims 2 and 5 with an eye on fatigue strength 
RE ** RU. the ratio of effective-case-depth-hardended-by-carburizing-treatment t and the components radius r — 
t/r — the range of 0.4-0.75 — moreover, the same reason as above-mentioned claims 2 and 5 limited Hp- 
core/Hcase to 0.56 or more range. 

[0048] Next, surface origin material twists, and fatigue strength improves in proportion to projection core part 
hardness Hp-core, as shown in the above and drawing 5 . In order to make 1x105 times of time amount 
reinforcement or more into 650, it is required to set average hardness Hav in a cross section to 560 or more HV, 
less than [ it ], it twists and fatigue strength runs short. 

[0049] From the above reason, the average hardness HaV in a cross section set to 560 or more HV. In addition, in 
order to make or more into 700 1x105 times which is higher level on the strength of time amount reinforcement in a 
surface origin, it is desirable to set average hardness Hav in a cross section to 560 or more HV. 
[0050] Next, claims 7 and 8 are the induction hardening steel materials which made the austenite grain at the time 
of high-frequency heating - layer detailed, and attained high intensity-ization by intergranular fracture prevention. 
Although the- brittle fracture by intergranular fracture is controlled by grain refining of the old austenite grain 
boundary of an induction hardening layer, the grain size number of the old austenite grain size of the induction 
hardening layer of induction hardening steel materials having considered more than as No. 9 in this invention is 
because this effectiveness is small less than in No. 9. 

[0051] Next, the manufacture approach of this invention steel materials is described. 

[0052] Which conditions are sufficient as long as it does not limit especially the induction hardening conditions and 
tempering conditions for manufacture but is satisfied with the induction hardening steel materials of this invention of 
the requirements for this invention. For example, if the requirements for this invention are satisfied, it is not 
necessary to perform tempering processing. Moreover, if satisfied with this invention of the requirements for this 
invention, heat treatment of normalizing, annealing, spheroidizing, hardening-annealing, etc. can be performed if 
needed before induction hardening. In addition, when not performing normalizing, annealing, and spheroidizing before 
induction hardening, it is desirable to perform manufacture by hot rolling of a steel-materials material after finishing 
temperature: 700-900 degree C and finishing rolling on the average cooling rate:0.1-1.7 degree-C/second conditions 
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of a 700-500-degree C temperature requirement. However, it does not limit especially in this invention. 
[0053] One sort of calcium and Pb or two sorts can be made to contain in this invention steel materials if needed 
for the purpose of the improvement in machinability. In addition, calcium has not only the improvement in 
machinability but the effectiveness of combining with P in steel, generating phosphide, reducing the amount of grain 
boundary segregation of P, and making grain boundary reinforcement increasing. The proper addition range of 
calcium and Pb is as follows, calcium: 0.0005-0.010%, in this invention, big compressive residual stress can be given 
to the front face of an induction hardening shank article Pb:0.05 to 0.5%, a brittle fracture can be controlled by this, 
and much more high intensity-ization can also be attained. By making residual stress of **** of induction hardening 
steel materials or less [ -80 kgf/mm ] into two, a brittle fracture is controlled, it twists and fatigue strength 
improves notably. Grant of the compressive residual stress to induction hardening steel materials has the effective 
hard shot-peening processing by the strength of I.O or more mmAs of arc heights after induction hardening- 
annealing. Here, arc height is the index of the strength of shot peening as indicated by "automobile technique, 
Vol.41, No.7, and 1987, 726 - 727-page." However, which conditions are sufficient, as long as it does not limit 
especially the conditions of grant of compressive residual stress but is satisfied with this invention of the 
requirements for this invention. 

[0054] It twists and one of the causes of generating of a crack in a fatigue process is the hardness nonuniformity of 
a hardening layer. The object components of the invention in this application are as [ hot rolling ], and are cold 
working. - Except when induction hardening is carried out after passing through heat treatment of simple annealing 
in the temperature below the after [ hot rolling ] A3 transformation point etc., it may be carried out cold-working- 
induction hardening. However, the organization which passed through heat treatment of simple annealing etc. is 
greatly influenced in the organization of rolled stock after hot rolling. Therefore, even when receiving such a hot 
rolling postheat treatment for hardness nonuniformity control of the hardening layer at the time of induction 
hardening, rationalization of a rolled stock organization is important If the ferrite molar fraction of the organization 
of rolled stock exceeds 35% and the diameter of ferrite crystal grain exceeds 30 micrometers, the nonuniformity of 
remarkable hardness will be produced and twisted in a hardening layer, and it will lifting-come to be easy of fatigue 
breaking. Therefore, it is desirable i^or the diameter of ferrite crystalgrain to set [ the organization molar fraction of 
the ferrite of the organization of rolled stock ] to 30 micrometers or less at 35% or less. However, this tissue factor 
is not limited especially in this invention. 
[0055] 

[Example] Below, an example shows the effectiveness of this invention still more concretely. 

(Example-1) The example of the 1st invention of this application and the 7th invention is shown in Table 1 and 2. 

[0056] 

[Table 1] 
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The steel materials which have the presentation of Table 1 were rolled out to the steel bar of 40mmphi. the drill 
perforation test piece for machinability evaluation from this steel bar — it twisted and the test piece and the baked 
crack sensitivity evaluation test piece were extracted. 

[0057] Here, it is the description of this invention. - It carries ou.t suddenly and the point that the cold-working 
nature in the phase before induction hardening is excellent is mentioned. Although cold-working nature is 
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machinability (cutting ability), rolling nature, formability in cold forging, etc.. correlation is among these in - **, and if 
machinability is excellent, rolling nature and formability in cold forging are also excellent. Then, evaluation of cold- 
working nature was represented with this application by evaluation of the machinability by the drill. Evaluation of the 
machinability by the drill was feed-rate 0.33 mm/s, it changed various peripheral speed of a drill (quality of the 
material: SKH51-phi10mm), asked for the total hole depth from which a drill becomes cutting impossible in each 
rate, created the peripheral-speed-drill life curve, specified the maximum velocity from which a drill life is set to 
lOOOmm as VL1000, and was made into the valuation basis of machinability. The evaluation result of VL1000 is 
collectively shown in Table 1. As compared with the comparison steel materials of the carbon content with the same 
this invention steel materials, machinability is relatively excellent. 

[0058] For the comparison steel materials 7, 8, 10, 13, and 15, respectively it is the case where the content of S is 
less than the range of the invention in this application, the content of C. Si, Mn, aluminum, and Ti is an upper **** 
case about the range of the invention in this application, each of these steel materials is compared with other steel 
materials of the same carbon content and machinability is [ the method of - and the comparison steel materials 
11 ] ******** relatively. 

[0059] Next, from the steel materials of Table 1 , 20mmphi twisted and the parallel part created the test piece. 
Induction hardening is performed on condition that, frequency [ of 10kHz ] fixed hardening, and it is **** about 
annealing at the conditions of 170 degree-Cx 1 hour after that. It twists and twists [ examine and ] about these 
samples, and is **** about a fatigue test. It twisted and time amount reinforcement estimated fatigue 1x106 times. 
Moreover, it is **** about measurement of hardness distribution in a parallel part center section. Table 2 — each 
steel materials — twisting — reinforcement — it twists, and a fatigue strength evaluation result is united with an 
evaluation result besides hardness, and is shown. It twists and each origin of fatigue breaking is an internal origin. In 
addition, effective case depth hardended by carburizing treatment is JIS. G It is the effective case depth hardended 
by carburizing treatment based on the induction hardening hardening layer depth measuring method specified by 
0559. > •,. . t ■ 

[0060] 
[Table 2] 



http://vww4jpdl.ncipi.gojp/cgi~bin/tran_web_cgi.eije 



2006/11/22 



THIS htot tiLANK (uspto) 



JP.10-195589.A [DETAILED DESCRIPTION] 



8/19 i> 



as 

a 2 

SI 

X * 

- 



« - 

IB 



£0 » 



» s 



h : 
« i 



m £ 



a b 



In the example of this invention, all, 1580 or more MPas of static **** reinforcement it twists and fatigue strength 
has the outstanding property of 600 or more MPas so that clearly from Table 2. Especially the example 2 of 
invention that is the example of the 7th invention and whose gamma grain size is more than No. 9 shows the 
outstanding strength property. 

[0061] the steel materials of everything [ on the other hand, the examples 6, 9, 14, and 16 of a comparison are the 
cases where the content of C, Mn, Ti, and B is less than the range of the invention in this application, respectively, 
and / all ] but the same carbon content — comparing — static **** reinforcement — it twists and fatigue strength 
is relatively inferior, the steel materials of everything [ the examples 12 and 17 of a comparison are the cases where 
the content of S and B exceeds the range of the invention in this application, respectively, and / all ] but the same 
carbon content — comparing — static **** reinforcement — it twists and fatigue strength is relatively inferior, 
although the example 18 of a comparison has a component in the range of the invention in this application — the 
hardening layer depth — the range of the invention in this application — a lower **** case — it is — other steel 
materials of the same carbon content — comparing — static **** reinforcement — twisting — fatigue strength — 
relative — ********. moreover, the case where projection core part hardness is less than the range of the 
invention in this application although the example 19 of a comparison had the component in the range of the 
invention in this application — it is — other steel materials of the same carbon content — comparing — static 
**** reinforcement — it twists and fatigue strength is relatively inferior. 
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(Examp!e-2) The example of the 2nd invention of this application and the 7th invention is shown in Table 3 and 4. 

[0062] 

[Table 3] 
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the steel materials which have the presentation of Table 3 — the same procedure as exampie-1 — preparing — 
♦♦-conditions — static **** reinforcement — it twisted and fatigue strength was evaluated. In addition, the 
machinability by the drill was evaluated as an index of cold-working nature. Although the evaluation result was 
shown in Table 3, as compared with the comparison steel materials of the carbon content with the same this 
invention steel materials, machinability is relatively excellent. 

[0063] Next, the evaluation result of a strength property is shown in Table 4. It twists, the origin of fatigue breaking 
is an internal origin in the example 7 of a comparison, and each of others is surface origins. 
[0064] 
[Table 4] 
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In the example of this invention, all, 1650 or more MPas of static **** reinforcement, it twists and fatigue strength 
has the outstanding property of 680 or more MPas so that clearly from Table 4. Especially the example 3 of 
invention that is the example of the 7th invention and whose gamma grain size is high-carbon steel more than in No. 
9 shows the outstanding strength property. 

[0065] the case where the hardening layer depth is less than the range of the invention in this application on the 
other hand although the example 6 of a comparison had the component in the range of the invention in this 
application — it is — other steel materials of the same carbon content — comparing — static **** reinforcement 
— it twists and fatigue strength is relatively inferior. Moreover, although the example 7 of a comparison has a 
component in the range of the invention in this application, it twists, and as compared with other steel materials of 
the same carbon content, it twists and fatigue strength is the origin of fatigue breaking is the interior and relatively 
inferior [ it is the case where the ratio of projection core part hardness and surface hardness is less than the range 
of the invention in this application, and ]. 
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(Example 3) The example of the 3rd invention of this application and the 7th invention is shown in Table 5 and 6. 

[0066] 

[Table 5] 
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the steel materials which have the presentation of Table 5 — the same procedure as example-1 — preparing — the 
same conditions — static **** reinforcement — it twisted and fatigue strength was evaluated. In addition, the 
machinability by the drill was evaluated as an index of cold-working nature. Although the evaluation result was 
shown in Table 5, as compared with the comparison steel materials of the carbon content with the same this 
invention steel materials, machinability is relatively excellent 

[0067] Next, the evaluation result of a strength property is shown in Table 6. It twists, the origin of fatigue breaking 

is an internal origin in the example 7 of a comparison, and each of others is surface origins. 

[0068] 

[Table 6] J ♦ < • , 
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In the example of this invention, all, 1650 or more MPas of static **** reinforcement, it twists and fatigue strength 
has the outstanding property of 710 or more MPas so that clearly from Table 6. Especially the example 3 of 
invention that is the example of the 7th invention and whose gamma grain size is high-carbon steel more than in No. 
9 shows the outstanding strength property. 

[0069] the case where the hardening layer depth is less than the range of the invention in this application on the 
other hand although the example 6 of a comparison had the component in the range of the invention in this 
application — it is — other steel materials of the same carbon content — comparing — static **** reinforcement 
— it twists and fatigue strength is relatively inferior. Moreover, although a component also has the example 7 of a 
comparison in the range of the invention in this application, it twists, and as compared with other steel materials of 
the same carbon content, it twists and fatigue strength is the origin of fatigue breaking is the interior and relatively 



http://www4.ipdl.ncipi.gojp/cgi-bi n/tran_web_cgi_ejje 



2006/11/22 



WIS PAGE BLANK wro) 



JP,10-195589,A [DETAILED DESCRIPTION] 



13/19^— v 



inferior [ it is the case where the ratio of projection core part hardness and surface hardness is less than the range 
of the invention in this application, and ]. the case where the average hardness in a cross section is less than the 
range of the invention in this application although the component also had the example 8 of a comparison in the 
range of the invention in this application , — it is — other steel materials of the same carbon content — comparing - 
- static **** reinforcement — it twists and fatigue strength is relatively inferior. 

(Example-4) The example of the 4th invention of this application and the 8th invention is shown in Table 7 and 8. 

[0070] 

[Table 7] 
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the steel materials which have the presentation of Table 7 — the same procedure as example-1 — preparing — the 
same conditions — static **** reinforcement — it twisted and fatigue strength was evaluated. In addition, the 
machinability by the drill was evaluated as an index of cold-working nature. Although the evaluation result was 
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shown in Table 7, as compared with the comparison steel materials of the carbon content with the same this 

invention steel materials, machinability is relatively excellent. 

[0071] Next the evaluation result of a strength property is shown in table 8. 

[0072] 

[Table 8] 
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It twists and each origin of fatigue breaking is an internal origin. 

[0073] In the example of this invention, all, 1600 or more MPas of static **** reinforcement, it twists and fatigue 
strength has the outstanding property of 600 or more MPas so that clearly from Table 8. Especially the example 3 of 
invention that is the example of the 8th invention and whose gamma grain size is high-carbon steel more than in No. 
9 shows the outstanding strength property. 

(Exampie-5) The example of the 5th invention of this application and the 8th invention is shown in Table 9 and 10. 

[0074] 

[Table 9] 
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the steel materials which have the presentation of Table 9 — the same procedure as example-1 — preparing — the 

same conditions — static **** reinforcement — it twisted and fatigue strength was evaluated. In addition, the 

machinability by the drill was evaluated as an index of cold-working nature. Although the evaluation result was 

shown in Table 9, as compared with the comparison steel materials of the carbon content with the same this 

invention steel materials, machinability is relatively excellent 

[0075] Next, the evaluation result of a strength property is shown in Table 10. 

[0076] 

[Table 10] 
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It twists and each origin of fatigue breaking is a surface origin. 

[0077] In the example of this invention, all, 1600 or more MPas of static **** reinforcement, it twists and fatigue 
strength has the outstanding property of 680 or more MPas so that clearly from Table 10. Especially the example 9 
of invention that is the example of the 8th invention and whose gamma grain size is high-carbon steel more than in 
No. 9 shows the outstanding strength property. 

(Example-6) The example of the 6th invention of this application and the 8th invention is shown in Table 11 and 12. 

[0078] 

[Table 11] 
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the steel materials which have the presentation of Table 1 1 — the same procedure as example- 1 — preparing — 

the same conditions — static **** reinforcement — it twisted and fatigue strength was evaluated. In addition, the 

machinability by the drill was evaluated as an index of cold-working nature. Although the evaluation result was 

shown in Table 1 1, as compared with the comparison steel materials of the carbon content with the same this 

invention steel materials, machinability is relatively excellent. 

[0079] Next, the evaluation result of a strength property is shown in Table 12. 

[0080] 

[Table 12] 
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It twists and each origin of fatigue breaking is a surface origin. 

[0081] In this invention, ail, 1690 or more MPas of static **** reinforcement, it twists and an intensity ratio has the 
outstanding property of 690 or more MPas so that clearly from Table 12. 

[0082] Especially the example 1 0 of invention that is the example of the 8th invention and whose gamma grain size 

is high-carbon steel more than in No. 9 shows the outstanding strength property. 

[0083] 

[Effect of the Invention] It twists, and has fatigue strength, and excels in cold-working nature, i.e., manufacturability, 
at the time of the manufacture, and a very remarkable thing has the effectiveness on the industry by this invention 
which was excellent in the induction hardening steel materials of this invention as a shank article as stated above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) is drawing in which the shaft which has the SERESHIN section, and (B) showed the shaft with a 
flange, and (C) showed the shaft with an outer case. 

[Drawing 2] It is drawing having shown typically the relation between the hardening layer depth which is twisted and 
is exerted on fatigue strength, and core part hardness. 

[Drawing 3] They are 1x105 times of drawings of internal origin material in which twisting and showing the relation 
between fatigue strength and projection core part hardness Hp-core. 

[Drawing 4] They are a destructive origin, Hp-core/Hcase, and drawing having shown the relation of the number N 
of repeats. 

[Drawing 5] They are 1x105 times of drawings of surface origin material in which twisting and showing the relation 

between fatigue strength and the projection core part hardness Hav. 

[Description of Notations] 1 s*i* At 

10 Shaft, ' ■ ' 

1112 Serration, 

20 21 Shaft 

22 Flange 

30, 31,32 Shaft, 

33 Outer Case Section 



[Translation done.] 
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g»®»«S Hp-core = Hcore/ (1-t 
/r ) 

[0027] 
[»1 ] 

(ZH„xr^xAr n ) x 3/a 3 

n=l 

[0028] 
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at, 

[0 0373 N:0. 001 5-0. 008% 

n(4a i mcomitmrtnizx &mmmn»m>*- 
*-t-m v^.<mm\t^m^b ixmatitf. o. o 
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